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Dictyostelium amoebae grow as single cells but upon starvation they initiate multicellular development. Phg2 was charac-
terized previously as a kinase controlling cellular adhesion and the organization of the actin cytoskeleton. Here we report that
Phg2 also plays a role during the transition between growth and multicellular development, as evidenced by the fact that phg2
mutant cells can initiate development even in the presence of nutrients. Even at low cell density and in rich medium, phg2
mutant cells express discoidin, one of the earliest predevelopmental markers. Complementation studies indicate that, in
addition to the kinase domain, the core region of Phg2 is involved in the initiation of development. In this region, a small
domain contiguous with a previously described ras-binding domain was found to interact with the Dictyostelium ortholog of
the mammalian adhesion-regulating molecule (ADRM1). In addition, adrm1 knockout cells also exhibit abnormal initiation of
development. These results suggest that a Phg2-Adrm1 signaling pathway is involved in the control of the transition from
growth to differentiation in Dictyostelium. Phg2 thus plays a dual role in the control of cellular adhesion and initiation of
development.

INTRODUCTION

Cellular adhesion is an essential element in many physio-
logical events such as cell migration, multicellular develop-
ment, metastasis, and phagocytosis. It is a complex process
that involves receptors at the cell surface, intracellular sig-
naling, and the actin cytoskeleton. Local signaling pathways
that control cellular adhesion also influence global cell phys-
iology. For example, the focal adhesion kinase (FAK) can be
activated by integrins or by growth factor receptors, and it
not only participates in cellular adhesion and migration, but
also regulates cell proliferation and survival (Gabarra-
Niecko et al., 2003). An intricate intracellular signaling net-
work thus links local cellular adhesion events and the more
general regulation of cellular physiology. Elucidating the
organization and function of such a signaling network is key
to understanding many crucial events such as tissue mor-
phogenesis and tumor progression (Christofori, 2006).

Dictyostelium amoebae grow as single cells in the soil,
where they feed on microorganisms. They harbor a small
haploid genome and are easily amenable to genetic analysis;
therefore they have been used extensively as a model organ-
ism to study cellular adhesion, motility, and phagocytosis
(Cardelli, 2001). When starved, Dictyostelium cells cease to
proliferate and aggregate to form a multicellular structure.

The control of the transition from growth to differentiation
has been the subject of many studies (reviewed in Maeda,
2005). It would seem logical that these two cellular processes
be regulated in a coordinated manner, because changes in
cellular adhesion are crucial for switching from single
phagocytic cells to multicellular aggregates. To date, how-
ever, no molecular link has been established to our knowl-
edge between cellular adhesion and the control of cell pro-
liferation in Dictyostelium.

The study of cellular adhesion in Dictyostelium has been
achieved in part by isolating a number of mutants defective
in cellular adhesion (Cornillon et al., 2000; Fey et al., 2002;
Gebbie et al., 2004). Among these, phg2 knockout cells
present defects in adhesion, the organization of the actin
cytoskeleton and cell motility (Gebbie et al., 2004). Phg2 is a
serine/threonine kinase with several potential functional
domains, notably a putative ras-binding domain (RBD),
which can bind Rap1, a member of the ras family of GTP-
binding proteins (Gebbie et al., 2004; Kortholt et al., 2006). In
addition, a phosphatidylinositol 4,5-bisphosphate-binding
domain in its N-terminal region targets Phg2 to the plasma
membrane (Blanc et al., 2005). The structure of Phg2 suggests
that like other kinases involved in cellular adhesion, Phg2
functions as a platform for the binding of many cellular
proteins, and might regulate many aspects of cellular phys-
iology.

Here we show that in addition to its role in cell adhesion,
Phg2 is involved in the initiation of multicellular develop-
ment in Dictyostelium. Furthermore, we report that Phg2
interacts with Adrm1, previously identified in mammalian
cells as an adhesion-related molecule (Simins et al., 1999;
Lamerant and Kieda, 2005) and that Adrm1 also participates
in the control of the initiation of development in Dictyoste-
lium. Phg2 appears to be a common element between the cell
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adhesion machinery and a signal transduction pathway con-
trolling the initiation of multicellular development.

MATERIALS AND METHODS

Cell Culture and Mutagenesis
Unless otherwise specified, all cells used in this study were derived from the
DH1-10 subclone (Cornillon et al., 2000) of the Dictyostelium wild-type DH1
strain (Caterina et al., 1994). Cells were grown at 21°C in HL5 medium
(Cornillon et al., 1998) and subcultured twice a week to maintain the cell
density below 2 � 106 cells/ml. The phg2 and myoVII mutants were described
previously (Gebbie et al., 2004). Phagocytosis of latex beads was assessed as
described previously (Cornillon et al., 2000).

To generate adrm1 knockout cells, AX2 cells were transfected with the
pBluescript plasmid containing the sequence of ADRM1, where the exon 2
and intron 2 were replaced with a blasticidin-resistance cassette. Transfected
cells were grown in HL5 containing blasticidin (10 �g/ml), and adrm1 knock-
out cells were identified by PCR (Charette and Cosson, 2004; Charette et al.,
2006).

The cDNA sequence coding for wild-type Phg2 or Phg2 lacking the kinase
domain or the core region were cloned into the pDXA-GFP2 expression vector
(Levi et al., 2000). Phg2 mutant cells were transfected with these vectors and
selected for their capacity to grow in the presence of G418 (15 �g/ml).

Multicellular Development
To induce multicellular development in submerged cultures, cells were har-
vested at a density of 1–2 � 106 cells/ml, washed in HL5 medium, and plated
at 106 cells/ml in Petri dishes (94-mm diameter) containing HL5 diluted in
phosphate buffer (2 mM Na2HPO4, 14.7 mM KH2PO4, pH 6.5) at the indicated
dilution. Cells were allowed to develop and the presence of multicellular
aggregates and the expression of contact site A (csA) were assessed after 24 h.

To induce the formation of fruiting bodies, wild-type or phg2 mutant cells
were washed in phosphate buffer containing 1% HL5, resuspended at 50 �
106 cells/ml, and plated on 0.45-�m membrane filters laid on two layers of
grade 1 Whatman paper soaked with phosphate buffer (Sussman, 1987). In
our hands, the presence of minute amounts of nutrients preserved cell via-
bility and did not interfere with multicellular development. Filters were
placed in Petri dishes with adequate humidity and incubated at 21°C.

To test whether the developmental anomaly seen in phg2 mutant cells was
cell-autonomous, wild-type cells stably expressing the green fluorescent pro-
tein (WT-GFP) were mixed with phg2 mutant cells, respectively, at concen-
trations of 0.4 � 105 cells/ml and 0.52 � 105 cells/ml and cocultured in HL5
medium for 48 h. Cells were then harvested, washed in HL5 medium, and
plated at 2 � 106 cells/ml in Petri dishes (94-mm diameter) containing
phosphate buffer with 9% HL5 medium. Formation of multicellular aggre-
gates was observed at the onset of development, at a time when the presence
of fluorescent cells in aggregates could be assessed with precision. Experi-
ments where phg2 mutant cells stably expressing the green fluorescent protein
(phg2-GFP) were mixed with wild-type cells were performed identically.

Immunodetection
The csA and discoidin proteins were detected with monoclonal antibodies
33-294-17 (Bertholdt et al., 1985), and 80-52-13 (Wetterauer et al., 1993), respec-
tively. To assess csA expression after 24 h of development, 1.5 � 106 cells were
harvested, washed in H2O, and lysed in 40 �l of sample buffer (0.103 g/ml
sucrose, 5 � 10�2 M Tris, pH 6.8, 5 � 10�3 M EDTA, 0.5 mg/ml bromophenol
blue, 2% SDS). Fifteen microliters of each sample was separated on a 10%
acrylamide gel in reducing conditions. Proteins were transferred onto a
nitrocellulose BA 85 membrane (Schleicher & Schuell, Dassel, Germany).
Membranes were incubated with the anti-CsA or anti-discoidin I antibody
and then with a horseradish peroxidase–coupled donkey anti-mouse Ig (Am-
ersham Biosciences, Little Chalfont, Buckinghamshire, United Kingdom),
washed, and revealed by enhanced chemiluminescence.

Testing Protein–Protein Interactions by
Two-Hybrid Assay
Two-hybrid assays were carried out using the Matchmaker LexA two-hybrid
system (Clontech Laboratories, Palo Alto, CA). The DNA sequence encoding
the Phg2 core domain (residues 573-755) was fused to the DNA-binding
protein LexA in the expression vector pEG202. This bait construct was used to
screen a Dictyostelium cDNA library kindly provided by Dr. R. Firtel (Uni-
versity of California, San Diego). Among the positive clones, one sequence
containing the Nt domain of Dictyostelium Adrm1 (DDB0167941; residues
1-117) specifically allowed EGY48 yeast cells expressing the plasmid p80-LacZ
to grow on selective plates (synthetic complete medium without leucine and
containing galactose) and to give a blue color on X-gal supplemented plates.

To determine more precisely the regions of the Phg2 core domain required
for Adrm1 and Rap1 interaction, the DNA sequences encoding the Nt domain
of Adrm1 and the constitutively active forms of Rap1 (Rap1(G12T) were fused
to the B42 activation domain in the vector pJG4-5 containing the inducible

GAL1 promoter. Sequences corresponding to different regions of the Phg2
core domain were cloned into the expression vector pEG202 and cotrans-
fected in the reporter yeast with Adrm1- and Rap1-containing constructs.
Transformed yeast cells were tested for their ability to grow on galactose
plates without leucine and give a blue color on X-gal supplemented plates.
For greater precision, the �-galactosidase activity was determined in suspen-
sion for a fixed number of yeast cells using O-nitrophenyl-�-d-galactopyr-
anoside as a substrate. The background activity measured in cells expressing
only the B42 activation domain fusion protein was subtracted.

RESULTS

Initiation of Development Is Abnormal in phg2
Mutant Cells
This study was initiated by the observation that phg2 mutant
cells grown in HL5 medium were able to form tight aggre-
gates when they reached high density (Figure 1A). These
well-delimitated aggregates differed from the loose cellular
aggregates frequently observed in highly confluent Dictyo-
stelium cultures, but were similar to those formed by starved
wild-type cells in submerged conditions (Marin, 1976 and
unpublished data). Indeed, the formation of aggregates by
phg2 mutant cells in these conditions coincided with an
induction of contact site A (csA), a well-characterized marker
of multicellular development in Dictyostelium (Noegel et al.,
1986), which was not expressed by wild-type cells in the
same conditions (Figure 1B). This result suggested that phg2
mutant cells initiated multicellular development in an old
culture medium, from which nutrients were partially de-
pleted and in which secreted extracellular factors had accu-
mulated.

The prestarvation factor (PSF) is an extracellular factor
continuously secreted by growing cells, and at high concen-
trations it can induce the expression of several early devel-
opmental genes (Rathi and Clarke, 1992). Discoidin genes
are among the first to be induced by PSF when the cellular
density increases while the concentration of nutrients de-
creases in the culture medium, a stage often referred to as
the prestarvation stage (Maeda, 2005). To test whether this
initial step of cellular differentiation was also altered in phg2
mutant cells, we assessed the expression of discoidin in cells
cultivated at low confluence. In these conditions, the discoi-
din protein was present at low levels in wild-type cells as
described previously (Clarke et al., 1987), but highly ex-

Figure 1. Phg2 mutant cells present signs of abnormal develop-
ment initiation. (A) Cultures of wild-type or phg2 mutant cells
grown to their maximal density in HL5 medium (4 � 106 cells/ml)
were incubated for an additional 3 d. Phg2 mutants formed well-
delimited cellular aggregates, whereas wild-type cells did not. Bar,
200 �m. (B) The formation of phg2 aggregates in these conditions
coincided with an induction of contact site A (csA) expression as
shown by immunodetection with an anti-csA antibody. (C) The
expression of discoidin I (disc.) was assessed in cells grown at low
cellular densities (below 106 cells/ml). In these conditions, discoidin
was overexpressed in phg2 mutant cells compared with wild-type
cells.
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pressed in phg2 mutant cells (Figure 1C), indicating that
prestarvation was also induced abnormally in phg2 mutant
cells.

Together these results suggested that phg2 mutant cells
did not respond normally to the presence of nutrients and
generally behaved as cells partially deprived of nutrients. To
further test this possibility, cells were incubated in medium
containing defined concentrations of nutrients, obtained by
diluting HL5 culture medium with phosphate buffer. After
24 h, multicellular development was monitored by assessing
the presence of tight cellular aggregates as well as the ex-
pression of csA. Low amounts of nutrients (3% HL5) were
sufficient to inhibit development of wild-type cells, whereas
phg2 mutant cells initiated development at much higher
concentrations of nutrients (up to 11% HL5; Figure 2). Myo-
VII mutant cells, which exhibit an adhesion defect similar to
that seen in phg2 mutant cells (Gebbie et al., 2004), did not
show anomalies in the initiation of development in this
assay (Figure 2). This result indicated that the abnormal
initiation of multicellular development in phg2 mutant cells
was not a secondary consequence of a defect in cellular
adhesion but resulted rather from a defect in the cellular
response to nutrients. Interestingly, development of starved
phg2 mutant cells was morphologically identical to that of
wild-type cells (Figure 3), indicating that Phg2 is involved in
the control of the initiation of development, but not essential
at later stages.

Abnormal Initiation of Development in phg2 Mutant Is
Cell Autonomous
The abnormal initiation of multicellular development in
phg2 mutant cells might conceivably result from an anomaly
in intracellular signaling, or from an abnormal secretion of
signaling molecules in the extracellular medium. To distin-

guish between these two possibilities, wild-type cells ex-
pressing the green fluorescent protein (WT-GFP) were mixed
with phg2 mutant cells, cocultured in HL5 medium for 48 h,
and then transferred to phosphate buffer containing 9%
HL5, a condition where phg2 mutant cells initiated develop-
ment, whereas wild-type cells did not (see Figure 2). The
cells were then observed at the onset of development, when
cellular aggregates were still small and easily visualized. At
this time, fluorescent wild-type cells clearly did not accumu-
late in aggregates (Figure 4A). In addition, wild-type cells
retained the mostly spherical morphology typical of un-
starved cells (Figure 4A). Conversely, when phg2 mutant
cells expressing GFP (phg2-GFP) were mixed with wild-type
cells, they were clearly present in cellular aggregates at the
onset of development, and they adopted the elongated mor-
phology typical of starved cells (Figure 4B). These observa-
tions demonstrated that the abnormal development of phg2
mutant cells was cell autonomous.

Figure 2. Phg2 mutant cells initiate multicellular development in
the presence of abnormally high concentrations of nutrients. (A and
B) Wild-type or mutant cells were placed for 24 h in a medium
containing a defined amount of nutrients, obtained by diluting HL5
medium with phosphate buffer. After 24 h, multicellular develop-
ment was monitored by assessing the presence of tight cellular
aggregates. Bar, 200 �m. �, presence of tight cellular aggregates; �,
absence of aggregates. Phg2 mutant cells initiated multicellular de-
velopment at concentrations of nutrients that inhibited develop-
ment of wild-type or myoVII cells. (C) Cells treated as in A were
harvested and the expression of csA was determined by Western
blot analysis.

Figure 3. Multicellular development is unaffected in starved phg2
mutant cells. Wild-type and phg2 mutant cells were harvested,
resuspended in phosphate buffer, and plated on nitrocellulose fil-
ters. Multicellular development was observed after 24 h. Bar, 1 mm.

Figure 4. Abnormal initiation of development in phg2 mutant cells
is cell-autonomous. (A) Wild-type cells expressing the green fluo-
rescent protein (WT-GFP) were mixed with phg2 mutants, cocul-
tured for 48 h, and then incubated in a medium containing 9% HL5.
At the onset of multicellular development, fluorescent wild-type
cells did not enter multicellular aggregates (indicated by arrows).
Examination of the cells at high magnification in the same experi-
ment (lower panel) revealed that wild-type cells retained a mostly
spherical shape typical of unstarved cells. (B) Phg2-GFP cells were
mixed with wild-type cells and treated as described in A. Phg2
mutant cells accumulated in cellular aggregates and adopted the
elongated shape typical of developing cells (lower panel). Bar, 50
�m.
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The Core Region of Phg2 Is Involved in the Control of
Development Initiation
To determine the role of various domains of Phg2 in its
function, we first analyzed by complementation the putative
role of the kinase and ras-binding domains in controlling the
initiation of multicellular development. For this, phg2 mu-
tant cells were transfected with plasmids expressing either
the full-length or truncated version of the Phg2 protein
(Figure 5A), and the effect of nutrients on the initiation of
development was determined by assessing the expression of
csA (Figure 5B). Expression of full-length Phg2 in phg2 mu-
tant cells restored normal sensitivity to nutrients, but expres-
sion of a kinase-deleted Phg2 did not (Figure 5B). Deletion of
the core region encompassing the RBD also produced a Phg2
protein that only partially restored sensitivity to nutrients
(Figure 5B), despite the fact that it was expressed at levels
much higher than those of Phg2 in wild-type cells (unpub-
lished data). These results suggested that both the kinase
domain and the core region of Phg2 are implicated in intra-
cellular signaling, implying that the core region interacts
with cellular proteins involved in intracellular signaling.

Interaction of Phg2 with Adhesion-regulating Molecule
We used the yeast two-hybrid system to search for proteins
interacting with the Phg2 core region in a cDNA library.
Growth in Leu- medium as well as production of �-galacto-
sidase indicated that the Phg2 core region interacted with
the Dictyostelium adhesion-regulating molecule (Adrm1)
protein (Figure 6A). To confirm this observation, a GST-
Adrm1 fusion protein was produced in bacteria and immo-
bilized on glutathione-Sepharose beads. The beads were
then incubated with a lysate of wild-type cells expressing
the Phg2 core region fused with the GFP. As shown in
Figure 6B, the Phg2 core region bound to beads coated with
GST-Adrm1, but not to beads coated with GST alone. This
suggested further that the Phg2 core region interacted with
Adrm1.

We also used the two-hybrid assay described above to
delineate the region of Phg2 interacting with Adrm1. Inter-
estingly, the Phg2 RBD interacted with Rap1 as previously
reported (Gebbie et al., 2004), but it was not necessary for the
interaction between Phg2 and Adrm1 (Figure 6C). A region
of 87 amino acid residues adjacent to the Phg2 RBD inter-

acted with Adrm1 (Figure 6C). Thus the Phg2 core region
comprised two separate binding sites, one for Rap1 (resi-
dues 594-668), and one for Adrm1 (residues 668-755; Fig-
ure 6D).

To define more precisely the role of Adrm1, the ADRM1
gene was disrupted in Dictyostelium. Although all Dictyoste-
lium strains used in this study were derived from the wild-
type DH1–10 strain, this strain harbors a large duplication in
the chromosome 2, which includes ADRM1 (Eichinger et al.,
2005). Consequently we were obliged to derive adrm1 knock-
out cells from an AX2 wild-type strain, where the ADRM1
gene is not duplicated (Eichinger et al., 2005). Adrm1 mutant
cells grew normally and were not impaired in their ability to
internalize latex beads (96% of wild-type cells), suggesting
that cellular adhesion, the first step of the phagocytic pro-
cess, was not affected (Gebbie et al., 2004). Adrm1 knockout
cells were also allowed to develop in defined media in order
to assess the role of Adrm1 in intracellular signaling. Wild-
type AX2 cells developed more readily than DH1-10 cells,
and multicellular development was initiated even at rela-
tively high concentrations of HL5 (15%; Figure 7). The de-

Figure 5. The core region of Phg2 is implicated in the control of
development initiation. (A) Schematic structure of the Phg2 protein
and of two deletion mutants. (B) The ability of phg2 mutant cells
expressing wild-type or mutated versions of Phg2 to initiate multi-
cellular development was assessed as described in Figure 2. Al-
though high levels of Phg2 were detected in cells complemented
with Phg2-K and Phg2-core (unpublished data), the initiation of
development remained abnormal.

Figure 6. A specific domain of Phg2 interacts with the Adrm1
protein. (A) Two distinct clones (1 and 2) expressing the indicated
proteins are shown. Growth in Leu- medium (top panel) as well as
production of �-galactosidase (blue color, lower panel) indicated
that the core region of Phg2 interacted with the Adrm1 protein in a
yeast two-hybrid assay. (B) A GST-Adrm1 fusion protein was im-
mobilized on glutathione beads and mixed with a lysate of Dictyo-
stelium cells overexpressing the Phg2 core region tagged with GFP.
Binding of the GFP fusion protein to GST-Adrm1 beads was de-
tected with an anti-GFP antibody. (C) A collection of mutants of the
Phg2 core region was constructed, and their interaction with Adrm1
and Rap1 was tested in a two-hybrid assay. The production of
�-galactosidase was visualized on plates. It was also evaluated more
precisely in a liquid assay and is indicated for each construct (arbi-
trary units). (D) Schematic representation of Phg2. The core region
contains two distinct regions: the RBD (R) interacts with Rap1,
whereas the adjacent region interacts with Adrm1.
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velopment of starved adrm1 mutant cells was morphologi-
cally identical to that of wild-type cells (unpublished data).
However, adrm1 mutant cells were able to develop at even
higher concentrations of HL5 (25%; Figure 7) and the for-
mation of multicellular aggregates coincided with an induc-
tion of csA (Figure 7B). This suggests that, like Phg2, Adrm1
is involved in the control of multicellular development ini-
tiation. We also assessed the expression of discoidin in adrm1
mutant cells cultivated at low confluency. In these condi-
tions, the discoidin protein was detected at very low levels
in wild-type cells but was highly expressed in adrm1 mutant
cells (Figure 7C), indicating that prestarvation was abnor-
mally induced in adrm1 mutant cells, like in phg2 mutant
cells.

DISCUSSION

Our results indicate that in addition to its role in cellular
adhesion, Phg2 is involved in nutrient-controlled initiation
of multicellular development in Dictyostelium. Because phg2
mutant cells develop more readily than wild-type cells (i.e.,
in the presence of higher concentrations of nutrients), Phg2
must act as a negative regulator of development initiation.
Remarkably, phg2 mutant cells also aberrantly express dis-
coidin, one of the first markers of transition from growth to
development in Dictyostelium, suggesting that the regulatory
role of Phg2 is exerted at the very first stages of the initiation
of development.

The early steps of multicellular development in Dictyoste-
lium have been extensively studied. Particular attention has
been paid to the crucial role of cAMP signaling once the
developmental program is initiated (Loomis, 1998). By con-
trast, relatively few studies have investigated the molecular
mechanisms controlling the transition of Dictyostelium cells
from unicellular growth to multicellular development
(Maeda, 2005). This switch is controlled notably by the nu-
tritional state of the cells, as well as by the extracellular
accumulation of secreted signaling molecules. One of the
first steps occurs in cells that are still growing, when PSF
(prestarvation factor), a secreted factor, accumulates in the
medium above a certain threshold, while the concentration

of nutrients decreases. This induces the expression of some
very early developmental genes including discoidin. The
expression of discoidin shown in the phg2 mutant cells at
low confluency could not be explained by higher amounts of
extracellular factors because our results indicate that the
anomaly in development initiation was cell autonomous.
This suggests that Phg2 is involved in a signal transduction
pathway that controls the first steps in the initiation of
development. Two previously isolated mutants, gdt1 and
gdt2, show premature development and aberrantly induce
discoidin at low cell densities like phg2 mutants (Chibalina et
al., 2004). A few other gene products might also control the
transition to multicellular development (PKA, YakA, Dia1,
Dia2, AmiA, AmiB, PufA), but their exact role in the induc-
tion of the prestarvation stage is less clear, and several of
them may rather be involved at later stages of multicellular
development initiation (Maeda, 2005). Further studies are
needed to determine how Phg2 interacts with other signal-
ing components implicated in the control of development
initiation.

We have also identified by two-hybrid screening a poten-
tial element of the signaling pathway allowing Phg2 to
control development: the Adrm1 protein interacts with a
region adjacent to the previously identified RBD. Interest-
ingly, Adrm1 was previously identified as a protein up-
regulated in metastatic tumor cells, and its overexpression
increased the propensity of cells to engage in cell–cell inter-
actions (Simins et al., 1999; Lamerant and Kieda, 2005).
Adrm1 is conserved in many species, including plants, Dic-
tyostelium amoebae, Caenorhabditis elegans, Drosophila flies,
mouse, or human. Its mechanism of action is unknown, as
are its putative functional partners. Our observation that
Phg2 interacts with Adrm1 indicates a potential link be-
tween Adrm1 and the adhesion machinery. Analysis of
adrm1 knockout cells further suggested that Adrm1 partici-
pates, like Phg2, in the control of development initiation in
Dictyostelium. We did not, however, observe a defect in
cellular adhesion in adrm1 mutant cells, indicating that ei-
ther Adrm1 does not play a direct role in cellular adhesion
or its function is redundant with that of other cellular pro-
teins in Dictyostelium. Although this study further empha-
sizes the role of Phg2 in controlling cell adhesion and phys-
iology, it seems likely that several other proteins will be
found to interact with Phg2. Further analysis will be neces-
sary to extensively identify the functional partners of Phg2
and to define their precise role in various cellular functions.
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